confidence interval [CI] , -127.34 to 5.28); however, exteriorization reduced the decrease in hemoglobin (MD, -0.14 gÁdL -1 ; 95% CI, -0.22 to -0.07). Estimated blood loss was reduced with exteriorization in a sensitivity analysis that excluded an outlier study. There was no statistically significant difference in intraoperative nausea (odds ratio [OR] , 0.99; 95% CI, 0.74 to 1.34), vomiting (OR, 0.94; 95% CI, 0.66 to 1.35), or pain (OR, 1.52; 95% CI, 0.86 to 2.71) between the two repair techniques. In situ repair was associated with faster return of bowel function (MD, 3.09 hr; 95% CI, 2.21 to 3.97). An association between exteriorization and endometritis did not reach statistical significance (OR, 1.25; 95% CI, 0.96 to 1.62). Conclusion Uterine repair by exteriorization may reduce blood loss and the associated decrease in hemoglobin, but the difference may not be clinically relevant. There was no statistically significant difference between the two repair techniques for intraoperative nausea, vomiting, or pain. In situ repair may be associated with a faster return of bowel function. Many surgical techniques exist to perform CD, but the most optimal technique to limit maternal morbidity is still subject to debate.
Résumé
One aspect of this debate relates to the method of uterine repair following delivery and its potential impact on maternal morbidity. Surgeons who favour repair of the uterus by exteriorization claim better surgical visualization and faster and simpler repair. Although the effect of exteriorization on the control of hemostasis is controversial, 3, 4 opponents to exteriorization are concerned about the side effects of uterine traction, including nausea and vomiting, pain, hemodynamic instability, trauma to the fallopian tubes, infection, and rupture or reduced flow of the utero-ovarian veins with consequent thrombosis or embolism. [5] [6] [7] [8] A recent meta-analysis 4 published in 2009 compared the two methods of uterine repair in over 3,000 women, and results showed no difference in outcomes between the two repair techniques. Since the 2009 publication, three large randomized controlled trials and two smaller trials have been published, [9] [10] [11] [12] [13] increasing the number of women studied to over 16,000. In addition, four of these five new trials 9, 10, 12, 13 included return of bowel function, an outcome that was lacking in previously analyzed trials. Therefore, we performed a systematic review and meta-analysis of randomized controlled trials to compare perioperative outcomes with uterine exteriorization vs in situ repair following CD.
Methods
The current meta-analysis adhered to the PRISMA guidelines for reporting meta-analyses. 14 The Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE Ò (PubMed), EMBASE TM , CINAHL, and ClinicalTrials.gov were searched. The date of the last search was May 3, 2015. The MeSH term ''cesarean section'' and its different spellings were combined with text searches for ''repair'', ''uterus'', ''exteriorization'' and their different spellings and synonyms. The results of these searches were combined with a sensitive methodological filter for randomized trials, meta-analyses, and systematic reviews. Our PubMed search strategy is available in Appendix A (available as Electronic Supplementary Material).
No restrictions were placed on the dates of publication other than those intrinsic to the database being searched. The reference lists from retrieved randomized trials were screened to identify additional trials, as were recent tables of contents of major obstetric journals.
A No restrictions with respect to language were included. Unpublished meeting abstracts were not searched; only published randomized controlled trials were sought. An attempt was made to contact authors regarding any clarification of primary outcome measures.
We included randomized controlled trials comparing in situ uterine repair with extra-abdominal uterine repair during CD. The primary outcomes for this review were blood loss (blood transfusion, reduction in hemoglobin, estimated blood loss) and the incidence of intraoperative complications (nausea, vomiting, and pain). Secondary outcomes included return of bowel function, postoperative infection (endometritis, wound infection), operative time, length of hospital stay, fever, postoperative pain, use of postoperative analgesics, and hemodynamic instability. Studies were included if they reported any of our primary or secondary outcomes.
Data extraction and assessment
Data were extracted independently by two authors (V.Z., J.C.B.). An initial data sheet with a list of possible outcomes was created by one author (A.H.), and the list was modified during data extraction. The data extracted included number of patients, type of anesthesia, antibiotic prophylaxis, and outcomes, including intraoperative complications (nausea, vomiting, pain, hypotension, tachycardia), blood loss (drop in hemoglobin, estimated blood loss, blood transfusion, decrease in hematocrit), return of bowel function, operative time, length of hospital stay, and postoperative infections and pain. When data were presented as medians, ranges, and confidence intervals (CI), the mean and standard deviation (SD) were calculated as per Hozo et al. 15 Two reviewers (V.Z., J.C.B.) independently assessed risk of bias of the included studies using the Cochrane Collaboration tool for assessing risk of bias. 16 The six criteria for judging risk of bias were scored separately as high, low, or unclear. In the event that agreement could not be reached between the two reviewers, the opinion of a third reviewer (R.G.) was required. A sensitivity analysis was performed on studies that scored unclear or high risk of bias on all risk of bias elements.
All data pertaining to the predetermined outcome measures were transcribed to RevMan version 5.3.5 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) for meta-analysis. The data were presented qualitatively if meta-analytic methods were not possible. All data were analyzed using the DerSimonian and Laird random-effects model. 17 Continuous variables were reported as mean difference (MD) with 95% CI, while dichotomous data were reported as odds ratio (OR) with 95% CI. Heterogeneity was assessed with the I 2 statistic that describes the percentage variation across studies due to heterogeneity rather than chance.
18 I 2 [ 50% was considered to indicate significant heterogeneity. For outcomes with significant heterogeneity, we visually inspected forest plots for outliers and examined those study protocols for potential methodological differences that could explain the discrepancies. If we perceived an outlier with a significant methodological difference that might explain the heterogeneity, we performed a sensitivity analysis excluding this outlier study. Publication bias was formally assessed with Egger's test 19 for all outcomes included in at least ten studies [20] [21] [22] using the comprehensive meta-analysis software, version 2.0.
Results
The results of the literature search are outlined in Fig. 1 . After screening and excluding articles that were not related to our topic, 17 manuscripts were selected for in-depth full-text review, and 16 of these were deemed eligible for inclusion in this systematic review (Table 1) . One study could not be included because there was insufficient data in the article for analysis. 23 Our attempts to access additional data directly from these authors and through our research library over several occasions were unsuccessful. Risk of bias of the included studies is presented in Table 2 . The criteria in one study 24 were deemed unclear or high risk of bias in all categories. In total, 9,736 subjects underwent exteriorization for uterine repair, while 9,703 subjects had in situ repair. Four studies subdivided the exteriorization and in situ repair groups by distinguishing between manual and spontaneous removal of the placenta. [25] [26] [27] [28] For the purpose of this meta-analysis, the results of these subgroups were combined to compare results solely for exteriorization and in situ uterine repair. A summary of pooled results for all outcomes is presented in Table 3 .
Primary outcomes

Blood transfusion
Pooled results from ten studies (17,568 patients) 9, [11] [12] [13] [27] [28] [29] [30] [31] [32] did not show a significant difference between groups for blood transfusion (OR, 1.07; 95% CI, 0.48 to 2.41; I 2 = 51%) ( Table 3 , Fig. 2A ). The funnel plot for blood transfusion is available in Appendix B (available as Electronic Supplementary Material).
Reduction in hemoglobin
Six studies including 7,585 patients reported a reduction in hemoglobin data. 10, 12, 13, 25, 29, 30 Pooled results showed a statistically significant higher drop in hemoglobin with in situ repair (MD, -0.14 gÁdL -1 ; 95% CI, -0.22 to -0.07) ( Table 3 , Fig. 2B ). Significant heterogeneity was observed among studies for this outcome (I 2 = 82%); however, no outliers with methodological differences accounted for this heterogeneity, and therefore, a sensitivity analysis was not conducted. A seventh study reported preoperative and 48-hr postoperative hemoglobin but did not report the standard deviation for the drop in hemoglobin for the two groups; therefore, the study could not be included in the analysis. 8 This study reported that the drop in hemoglobin did not differ significantly between the groups.
Estimated blood loss
Pooled results for estimated blood loss from six studies (908 patients) 7, 9, [26] [27] [28] 32 showed no statistically significant difference between the two repair techniques (MD, -61.03 mL; 95% CI, -127.34 to 5.28; I 2 = 76%) ( Table 3 , Table 2 The Cochrane Collaboration tool for assessing risk of bias 16 ElKhayat 2C ). Visual inspection of the forest plot revealed a potential outlier study 28 in which the authors had divided the study population into four groups, further differentiating between manual and spontaneous removal of the placenta. Removal of data from this study eliminated heterogeneity for this outcome (I 2 = 0%) and resulted in a statistically significant difference of the pooled results favouring exteriorization (MD, -89.33 mL; 95% CI, -119.86 to -58.79).
Intraoperative nausea and vomiting
Four studies reported intraoperative nausea and vomiting as separate outcomes. 13, [29] [30] [31] We contacted one of the Intraoperative nausea and vomiting was a primary outcome in only one study, 7 which reported a statistically significant increased risk of intraoperative nausea in the exteriorization group (OR, 2.95; 95% CI, 1.04 to 8.34). Nevertheless, pooled results of the two repair techniques did not show a statistically significant difference in intraoperative nausea for 2,071 patients (OR, 0.99; 95% CI, 0.74 to 1.34; I 2 = 36%) ( Table 3 , Fig. 3A ) or in intraoperative vomiting for 2,075 patients (OR, 0.94; 95% CI, 0.66 to 1.35; I 2 = 22%) ( Table 3 , Fig. 3B ). A sixth study reported incomplete data regarding intraoperative nausea and vomiting and could not be included in the analysis. 24 
Intraoperative pain
Overall pooled results from three studies (439 patients) 7, 29, 30 did not show a statistically significant difference in the incidence of intraoperative pain between the two repair techniques (OR, 1.52; 95% CI, 0.86 to 2.71; I 2 = 0%) ( Table 3 , Fig. 4 ), but the confidence intervals were wide, suggesting that our data are insufficient to draw definitive conclusions about this outcome. ), and C) Estimated blood loss (mL) Uterine exteriorization: a systematic review and meta-analysis 1215
Secondary outcomes
Return of bowel function
Pooled results for return of bowel function from four studies 9,10,12,13 including 3,234 patients showed considerable heterogeneity for this outcome (MD, 3.09 hr; 95% CI, 2.21 to 3.97; I 2 = 95%) ( Table 3 , Fig. 5 ). Nevertheless, while the heterogeneity was significant, no outlier studies with methodological differences were identified, and therefore, we did not conduct a sensitivity analysis. Three of the four studies strongly favoured in situ repair with statistically significant differences reported, 9, 12, 13 whereas the fourth study showed a trend favouring in situ repair. 10 Two of the four studies reporting this outcome accounted for over 90% of the patients and showed statistically significant results favouring in situ repair (MD, 3.9 hr; 95% CI, 3.87 to 3.93 12 and MD, 3.0 hr; 95% CI, 2.71 to 3.29). 13 
Additional outcomes
Pooled results and definitions for the outcomes of endometritis, wound infection, operative time, hospital stay, and fever are presented in Table 3 . Funnel plots for operative time and wound infection are available in Appendix B (available as Electronic Supplementary Material). One study reported data for operative time, hospital stay, blood transfusions, and fever that could not be included in the analysis of these outcomes due to lack of reporting mean, standard deviation, or number of patients with the outcome of interest. 24 This same study was evaluated to have unclear or high risk of bias in all of the risk of bias criteria, and thus, a sensitivity analysis was performed for the two outcomes that included data from this study, i.e., endometritis and wound infection (Table 3) .
Many studies reported postoperative pain outcomes (including pain at six hours, 13, 31 ten hours, 8 24 hr, 29,31 34 hr, 8 or 36 hr 31 postoperatively), the number of analgesic doses, 9, 31, 32 the need for postoperative rescue analgesics, 8, [11] [12] [13] 31 and opioid consumption. 10 A detailed summary of these results for postoperative pain outcome is presented in Table 4 . The heterogeneous presentation of postoperative analgesia regimens and postoperative pain measures prevented us from conducting a formal metaanalysis on these outcomes.
Three studies reported outcomes involving heart rate and blood pressure during uterine repair. 7, 13, 29 One study 7 reported a significant difference in tachycardia occurring in 18% of the exteriorization group vs 3% of the in situ group (OR, 8.53; 95% CI, 0.99 to 394.12). A second study 13 that defined tachycardia as a pulse[90 beatsÁmin -1 and a third study 29 that measured the pulse difference during uterine repair found no significant difference between groups. Due to the different presentation of heart rate outcomes, we could not conduct a meta-analysis. None of the three studies found a significant difference in the incidence of hypotension 7, 13 or mean arterial pressure 29 between groups.
Discussion
In our review, we analyzed 16 randomized controlled trials evaluating uterine repair by exteriorization vs in situ repair. Exteriorization may be associated with a smaller decrease in hemoglobin and less estimated blood loss. There was no statistically significant difference in the need for blood transfusion. There were no significant differences between the two repair techniques in the primary outcomes of intraoperative nausea, vomiting, or pain. Regarding secondary outcomes, in situ repair may be associated with less endometritis and a faster return of bowel function.
A Cochrane review comparing the two methods of uterine repair was published in 2004 and was subsequently updated in 2011 without a change in conclusions. 3 The updated review included six randomized controlled trials comparing exteriorization of the uterus with in situ repair. The authors found no statistically significant difference in complications, except for reduced febrile morbidity with uterine exteriorization and a shorter hospital stay with in situ repair. No definitive conclusions could be made, however, due to the available studies being too few and too limited in scope. 3 In 2009, a systematic review and meta-analysis that included 11 randomized controlled trials was published. 4 The primary endpoints included intraoperative nausea, vomiting, hypotension, and pain as well as blood transfusion and infectious complications. The authors found no difference in complication rates between exteriorized and in situ uterine repair. Nevertheless, they included a study that failed all five quality indicators they assessed, 24 signifying poor quality, and they did not perform a sensitivity analysis similar to those we performed in this updated meta-analysis.
Better control of hemostasis is among the reasons why some surgeons favour uterine repair by exteriorization. With the exception of three of the 16 included studies, 11, 24, 31 blood loss was reported by either a reduction in hemoglobin or estimated blood loss, although the method of estimating blood loss varied greatly between studies. It should be emphasized that, in all but one study 32 reporting estimated blood loss, the difference in blood loss between groups was less than 100 mL. This minimal clinical impact is shown by the lack of a difference in blood transfusions between repair groups.
The primary concerns of opponents of uterine exteriorization are intraoperative nausea, vomiting, pain, and hemodynamic instability, yet few randomized controlled trials have measured these outcomes and only one measured these as primary outcomes. 7 Three studies included patients who underwent emergent CDs but did not report a standardized anesthetic technique that might impact the occurrence of intraoperative nausea and vomiting. [29] [30] [31] Therefore, the results of those studies regarding these outcomes must be interpreted with caution. It is noteworthy that studies with nausea and vomiting as primary outcomes favour in situ repair. 7, 33 Clearly, more randomized controlled trials examining nausea and vomiting as primary endpoints are necessary before a definite conclusion can be made regarding the impact of the repair technique on the risk of intraoperative nausea and vomiting.
Few randomized controlled trials on uterine repair have reported intraoperative pain. The three studies in our analysis that reported this outcome assessed pain with a numerical rating scale (0 to 10) but dichotomized the data into patients either experiencing or not experiencing pain. 7, 29, 30 The term intraoperative pain is quite broad and therefore differentiation of the intensity, quality, and timing of intraoperative pain needs to be properly evaluated in order to adequately assess its relationship with a uterine repair technique. Regarding postoperative pain, we were unable to perform a meta-analysis due to the heterogeneous nature of the presented data, but results from several studies suggest improved postoperative pain outcomes with in situ repair.
Analysis of the nine studies measuring endometritis revealed results that tended to favour in situ repair, but the difference was not statistically significant. By excluding a study with a possible high risk of bias, 24 a sensitivity analysis favours in situ repair. The inclusion of this high risk of bias study in previous meta-analyses as well as the recent publication of very large studies that reported data on endometritis probably account for the difference in conclusions between our meta-analysis and earlier analyses regarding this outcome. Considering that no study specified administration of antibiotics before cord clamping, our results for endometritis may not reflect current North American practice, and therefore, no recommendations can be derived from this analysis.
This novel meta-analysis reports return of bowel function with respect to type of uterine repair. Our results show faster return of bowel function after in situ repair, with a mean difference of three hours; however, there was no statistically significant difference between groups in the duration of hospital stay. Our systematic review and meta-analysis may have several limitations. There was inconsistency among the studies with regard to reporting outcomes. Each of the included studies reported at least one primary outcome, but no study included all primary outcomes as defined in our systematic review. Despite the concerns of nausea, vomiting, pain, and hemodynamic instability with uterine exteriorization, few studies reported these outcomes. This resulted in wide confidence intervals for the pooled results of these outcomes and prevented us from making definitive conclusions. Many studies reported some type of postoperative pain, but we could not conduct a meta-analysis on this outcome due to the diverse postoperative analgesia regimens and reporting of postoperative pain. Furthermore, the method of measuring blood loss varied significantly between studies, and it was not possible to analyze these results together with the studies reporting only on a reduction in hemoglobin. The use of uterotonic medications might have been a surrogate for bleeding; however, the use of oxytocin and other uterotonics were not included results in any of the studies. Finally, several outcomes can be influenced by many confounding variables such as emergent vs elective CD, length of labour, rupture of membranes, type of anesthetic, use and timing of antibiotics, use of vasopressors, and postoperative analgesia regimen. In general, those factors were balanced between the groups in the individual included studies. While we tested for publication bias, we were able to do so for only three outcomes. Statistical tests to identify this bias are unreliable in the presence of a small number of studies, as is the case with most of our outcomes. [20] [21] [22] Lastly, systematically searching the literature is not a standardized undertaking. We attempted to complete an inclusive search strategy and identify all relevant articles by working with an expert in library sciences.
In conclusion, the ideal technique of uterine repair for CD continues to be a subject to debate. Uterine repair by exteriorization may reduce blood loss and the decrease in hemoglobin, but the difference is small and unlikely to be clinically relevant. Our results show no statistically significant difference in intraoperative nausea, vomiting, or pain between the two repair techniques. In situ repair may be associated with a faster return of bowel function. Additional well-conducted randomized controlled trials are needed that focus specifically on intraoperative complications such as nausea, vomiting, pain, and hemodynamic instability.
